The Rh I , Ru II , Pd I and Ni II complexes of the aminobis(phosphonite), PhN(P(OC 6 H 4 OMe-o) 2 ) 2 (1) are reported. The reactions of 1 with [Rh(COD)Cl] 2 in 1:1 and 2:1 molar ratio afford the mono-and diolefin substituted chloro bridged chelate complexes, [(COD)Rh 2 (l 2 -Cl) 2 {PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }] (2) and [Rh(l 2 -Cl){PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }] 2 (3), respectively. Similarly, the cationic mono-and bis-chelate complexes, [Rh(COD){PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }]OTf (4) and [Rh{PhN(P(OC 6 H 4 OMe-o) 2 ) 2 } 2 ]OTf (5) are obtained by treating 1 with [Rh(COD)Cl] 2 in the presence of AgOTf in appropriate ratios. The dinuclear Rh I carbonyl complex, [RhCl(CO){l-PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }] 2 (6) is prepared by treating 1 with 0.5 equiv. of [Rh(CO) 2 Cl] 2 . Reaction of 1 with cis-[NiBr 2 (DME)] (DME = 1,2-dimethoxyethane) affords [{PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }NiBr 2 ] (7) whereas with [Ru-(g 6 -p-cymene)Cl 2 ] 2 in refluxing THF medium produces an interesting and rare bimetallic Ru II complex, [(g 6 -p-cymene)Ru(l 2 -Cl) 3 Ru{PhN(P(OC 6 H 4 OMeo) 2 ) 2 }Cl] (8). Redox condensation of the Pd 0 and Pd II derivatives with 1 affords the dinuclear Pd I complex, [PdBr{l-PhN(P(O-C 6 H 4 OMe-o) 2 ) 2 }] 2 (9). The formation and structure of complexes 2-9 are assigned through various spectroscopic and micro analysis data. The molecular structures of 5 and 7-9 are confirmed by single crystal X-ray diffraction studies.
Introduction
The transition metal chemistry of ''short-bite'' aminobis(phosphines) of the type X 2 PN(R)PX 2 and their bis(chalcogenide) derivatives has attracted considerable attention in recent years because of the versatile coordination behavior of the former as it is similar to dppm [1] and the potential application of latter as single source precursors of various metal-, non-metal-and metalloid-telluride thin films and nanoparticles [2] . However, the ligands with P-N-P framework are found to be thermally more stable com-pared to dppm and sterically less rigid in comparison with P-O-P systems [3] . Further, the binding properties of these ligands can be readily altered by changing the substituents on both the phosphorus and the nitrogen centers. As a result, the ligands with P-N-P framework have been successfully employed in various catalytical reactions such as Pauson-Khand reactions [4] , copolymerization of CO and ethylene [5] , ethylene tri-[6] and tetramerization reactions [7] and allylic substitution reactions [8] . In view of this, recently we have synthesized and reported transition metal chemistry and catalytic applications of several aminophosphines and aminobis(phosphines). As a part of our interest in designing new ligands and studying their coordination behavior [9] and catalytic applications [10] , we report herein the synthesis and structural characterization of Rh I , Ru II , Pd I and Ni II metal complexes of aminobis(phosphonite), PhN(P(OC 6 H 4 OMe-o) 2 ) 2 (1).
Results and discussion

Rh I derivatives
The reactions of PhN(P(OC 6 H 4 OMe-o) 2 ) 2 (1) with [Rh(COD)Cl] 2 in 1:1 and 2:1 molar ratio in CH 2 Cl 2 lead to the successive replacement of the diene ligands and the formation of chloro bridged bimetallic chelate complexes, [Rh 2 (l 2 -Cl) 2 (COD){PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }] (2) and [Rh(l 2 -Cl){PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }] 2 (3), respectively. Similarly, the reactions of 1 with [Rh(COD)Cl] 2 in the presence of 2 equiv. of AgOTf in 2:1 and 4:1 molar ratio afford the cationic chelate complexes, [Rh(COD)-{PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }]OTf (4) and OMe-o) 2 } 2 } 2 ]OTf (5), respectively, as shown in Scheme 1 [11] .
The 31 P NMR spectra of complexes 2-5 show doublets centered at 92.0, 89.7, 87.1 and 98.8 ppm with 1 J RhP couplings of 283, 282, 233 and 197 Hz, respectively , which indicate the chemically and magnetically equivalent nature of the phosphorus centers. The 1 H NMR spectra of complexes 2-5 show single resonances around the region of 3.4-3.8 ppm corresponding to the ortho-methoxy groups present in the phenyl rings. The resonance due to olefinic protons of COD in complexes 2 and 4 appear as broad singlets at 3.91 and 5.39 ppm. The methylenic protons present in complexes 2 and 4 exhibit two doublets at 2.29, 1.60 and 2.20, 1.61 ppm, respectively. The structure of the complex 5 was confirmed by the single crystal X-ray diffraction study.
The reaction between 1 and [Rh(CO) 2 Cl] 2 in CH 2 Cl 2 at room temperature affords dinuclear complex [RhCl-(CO) {l-PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }] 2 (6) as an yellow-orange color crystalline solid in good yield. In contrast, the same reaction when carried out in refluxing CH 3 CN results in the formation of chloro-bridged dimeric complex 3 in quantitative yield. The phosphorus-31 NMR spectrum of complex 6 consists of an XAA 0 X 0 multiplet centered at 117.1 ppm with j 1 J RhP + 3 J RhP j = 261 Hz and 2 J PP = 130 Hz. Such type of spin multiplicity was observed in analogous complexes containing bridging bis(phosphines) ligands [9c,9d,9h,12] . The IR spectrum of 6 shows two mCO absorptions at 2085 and 2021 cm À1 which is consistent with the cisrelated CO/phosphine structures proposed for similar complexes [13] . The microanalysis and 1 H NMR spectral data are consistent with the proposed structure of 6.
Ni II , Ru II and Pd I Derivatives
The diamagnetic nickel(II) chelate complex, [{PhN(P(O-C 6 H 4 OMe-o) 2 ) 2 }NiBr 2 ] (7) was prepared in high yield by reacting 1 with cis-[NiBr 2 (DME)] (DME = 1,2-dimethoxyethane) in THF at room temperature (Scheme 2). An equimolar reaction between 1 and [Ru-(g 6 -p-cymene)Cl 2 ] 2 in THF at 60°C resulted in the formation of a rare trichloro-bridged bimetallic complex, [(g 6 -p-cymene)Ru(l 2 -Cl) 3 Ru{PhN(P(OC 6 H 4 OMe-o) 2 ) 2 }Cl] (8) in which one of the ruthenium(II) centers retains the cymene group irrespective of the stoichiometry of the ligand and the reaction conditions. This represents the first one-pot synthesis of a ruthenium(II) binuclear complex containing a bisphosphine ligand. The other known complexes of this type [(g 6 -p-cymene)Ru(l 2 -Cl) 3 Ru{L 2 }Cl] (L 2 = (PPh 3 ) 2 , Ph 2 P(CH 2 ) 4 PPh 2 , Cy 2 P(CH 2 ) 4 PCy 2 ) were prepared by mixing symmetrically substituted binuclear complexes [L 2 -ClRu(l-Cl) 2 (l-X)RuClL 2 ] with [Ru-(g 6 -p-cymene)Cl 2 ] 2 through con-proportionation reactions as shown in Scheme 3. The 31 P NMR spectra of complexes 7 and 8 show single resonances at 68.1 and 100.1 ppm, respectively and the 1 H NMR spectra show singlets at 3.59 and 3.66 ppm corresponding to the ortho-methoxy protons. The aromatic protons of p-cymene in complex 8 appear as two doublets at 5.34 and 5.18 ppm with J HH coupling of 5.2 Hz. The methyl groups of isopropyl moiety appear as a doublet centered at 1.24 ppm with a J HH coupling of 6.8 Hz, whereas the -CH proton appears as a septet at 2.84 ppm. The binuclear Pd I complex [Pd I Br{l-PhN(P(O-C 6 H 4 OMe-o) 2 ) 2 }] 2 (9) was prepared by a redox condensation process using a 1:2:4 mixture of Pd 0 2 (dba) 3 AE CHCl 3 , Pd II Br 2 (CH 3 CN) 2 and 1 in refluxing CH 2 Cl 2 . The 31 P NMR spectrum of 9 shows a single peak at 111.3 ppm and the 1 H NMR data are consistent with the proposed structure. The structures of complexes 7-9 were confirmed by single crystal X-ray diffraction studies.
The crystal and molecular structures of 5 and 7-9
Perspective views of the molecular structures of compounds 5 and 7-9 with atom numbering schemes are shown in Figs. 1-4, respectively. The selected bond lengths and bond angles of compounds 5 and 7-9 are given in Tables 1  and 2 , while crystal data and the details of the structure determinations are given in Table 3 . The X-ray crystal structural determination of complex 5 shows that it exists as a cationic bis-chelate complex. The rhodium occupies the center of the distorted square planar geometry and the corners are occupied by four phosphorus centers of the diphosphazane ligands. Due to the formation of strained four-membered chelate ring the P-N-P angle of the free ligand shrinks from 116.07 (12) P1-Rh-P2 and P3-Rh-P4 with Rh center are 69.98(6)°and 69.52(7)°, respectively, which are $4.5°larger than that observed in molybdenum tetra carbonyl derivative (P1-Mo-P2 = 65.02(4)°) [14] . The P1-Rh-P3 and P2-Rh-P4 bond angles (179.22(6)°and 173.01(7)°) are slightly deviated from the linear geometry. The Rh-P distances ranges from 2.241(2) Å (for Rh-P4) to 2.249(2) Å (for Rh-P1).
Crystals of 7 suitable for X-ray diffraction analysis were grown by keeping the saturated THF solution of 7 at room temperature for several days. The diamagnetism of the compound had indicated the distorted square planar coordination geometry about the nickel center and is surrounded by two cis-bromides and phosphorus atoms. The four-mem-bered NP 2 Ni chelate ring is nearly planar. The Ni-P bonds are almost equidistant (Ni-P1 = 2.101(1) Å and Ni-P2 = 2.088(1) Å ) and are slightly shorter than those in the related cis-[NiBr 2 {allyl-N(PPh 2 ) 2 }] (2.112(1) Å and 2.122(2) Å ), cis-[NiCl 2 {p-C 6 H 4 OMe-N(PPh 2 ) 2 }] (2.115(2) Å and 2.123(2) Å ) [15] , [1,3-{cis-NiBr 2 (PPh 2 ) 2 N} 2 C 6 H 4 ] (2.116(4) Å ) [5a] , cis-[NiBr 2 {Ph 2 PN(Ph)P(N t Bu) 2 SiMe 2 }] (2.127(1) Å and 2.115(1) Å ) [16] and cis-[NiBr 2 {Ar 2 PN(Me)PAr 2 }], (Ar = t BuC 6 H 4 -o) (2.161(1) Å ) [5b] complexes. Due to the formation of strained four-membered NP 2 Ni ring, the P-N-P angle of free ligand is reduced from 116.07 (12) °to 95.73 (13) °. The P1-Ni-P2 and Br1-Ni-Br2 angles are 73.24(4)°a nd 100.70(2)°, respectively.
Complex 8 is a bimetallic Ru II complex with Ru2 center having g 6 -coordinated cymene ligand and Ru1 center is surrounded by chlorides and a chelating diphosphazane ligand. Table 2 Selected bond distances and bond angles for complexes 8 and 9
Complex 8 Complex 9
Bond distances (Å ) Bond angles (°) Bond distances (Å ) Bond angles (°) 
above complexes, the plane defined by g 6 -cymene ligand is almost parallel to that defined by the bridging chloro ligands. The non-bonded PÁ Á ÁP separations in complex 7 and 8 are 2.499(1) Å and 2.495(1) Å , respectively, which are shorter than that observed in complex 5 (P1Á Á ÁP2 = 2.578 Å and P3Á Á ÁP4 = 2.562 Å ). In complex 9, both the Pd I centers are having distorted square planar geometry and are surrounded by one Pd, two P and one Br ligands. The Pd-Pd bond length in 9 (2.6182(5) Å ) is almost identical to the same in the analogous complex [Pd{l-PhN(P(OPh) 2 ) 2 }Cl] 2 (2.619(1) Å ) [18] and $0.08 Å shorter than that in [Pd(l-dppm)Br] 2 (2.699(5) Å ) [19] . The Pd-P bond distances in 9 ranges from 2.239(1) Å to 2.257(1) Å , which are shorter than those observed for [Pd(l-dppm)Br] 2 complex. The P-N bond lengths varies from 1.677(3) Å to 1.691(3) Å , which are statistically equivalent to the average distances found in [Pd(l-dppa)Cl] 2 [20] and [Pd{l-PhN(P(OPh) 2 ) 2 }Cl] 2 [18] . The four cis angles (Br-Pd-P) centered at the Pd1 and Pd2 centers with bromine atoms are 96.42(3)°, 92.96(3)°, 89.11(3)°and 95.21(3)°, respectively. There is a pronounced twist about the Pd-Pd bond with dihedral angles of P1-Pd1-Pd2-P2 and P4-Pd1-Pd2-P3 are À41.31(3)°a nd À34.90(3)°, respectively, which are typical for the M 2 (l-LL) 2 2+ skeleton. For example, the dihedral angle between the square planes in [Pd(l-dppm)Br] 2 is 39°. Because of the bridging nature of the ligand, the complex 9 shows much longer PÁ Á ÁP separation when compare to the chelate complexes.
Conclusion
The 'short bite' bidentate ligand 1 readily reacts with various low valent transition metals to give either mononuclear chelates or binuclear complexes depending upon the reaction conditions and stoichiometry. With Rh I derivatives, various neutral and cationic complexes were prepared. Reaction of 1 with Ni II derivative yielded four-membered chelate complex and with Ru II derivative half sandwich homo bimetallic complex 8 was formed. This is the first report on one-pot synthesis of a binuclear complex of the type 8 in excellent yield; the other two known complexes were prepared involving two step conproportionation reactions. The redox reaction between Pd 0 and Pd II in the presence of ligand 1 resulted in a Pd I dimer. The work on catalytic aspects of these complexes is in progress.
Experimental
All experimental manipulations were performed under rigorously anaerobic conditions using Schlenk techniques. All the solvents were purified by conventional procedures and distilled prior to use [21] . The aminobis(phosphonite), PhN{P(OC 6 H 4 OMe-o) 2 } 2 (1) was prepared as previously reported [14] . The metal precursors [Rh(COD)Cl] 2 [22] , [Rh(CO) 2 Cl] 2 [23] , [Ru(g 6 -cymene)Cl 2 ] 2 [24] , Pd 2 -(dba) 3 AE CHCl 3 [25] and NiBr 2 (DME) [26] were prepared according to the published procedures. AgOTf was purchased from Aldrich chemicals and used as such without further purification. The 1 H and 31 P{ 1 H} NMR (d in ppm) spectra were recorded using Varian VXR 300 or VXR 400 spectrometer operating at the appropriate frequencies using TMS and 85% H 3 PO 4 as internal and external references, respectively. The spectra were recorded in CDCl 3 solutions with CDCl 3 as an internal lock; positive shifts lie downfield of the standard in all of the cases. Infrared spectra were recorded on a Nicolet Impact 400 FTIR instrument as KBr disks. The microanalyses were performed using Carlo Erba Model 1112 elemental analyzer. The melting points were observed in capillary tubes and are uncorrected. A solution of 1 (0.026 g, 0.040 mmol) in CH 2 Cl 2 (5 mL) was added dropwise to a solution of [RhCl(COD)] 2 (0.020 g, 0.040 mmol) also in CH 2 Cl 2 (5 mL) with constant stirring. The reaction mixture was allowed to stir at room temperature for 4 h. The resulting solution was concentrated to 2 mL, layered with 1 mL of petroleum ether, and stored at À30°C for 1 day to give analytically pure product of 2. Yield: 79% (0.033 g), m.p.: 144-146°C. 1 H NMR (400 MHz, CDCl 3 ): d 7.80-6.76 (m, 21H, ArH), 3.91 (br s, 4H, CH), 3.52 (s, 12H, OCH 3 ), 2.29 and 1.60 ppm (d, 8H, CH 2 (a) A solution of [RhCl(COD)] 2 (0.035 g, 0.071 mmol) in CH 2 Cl 2 (5 mL) was added dropwise to a solution of 1 (0.092 g, 0.142 mmol) also in CH 2 Cl 2 (5 mL) with constant stirring. The reaction mixture was allowed to stir at room temperature for 4 h. The resulting solution was concentrated to 4 mL, layered with 2 mL of petroleum ether, and stored at À30°C for 1 day to give orange precipitate of 3. Yield: 89% (0.099 g). (4) AgOTf (0.021 g, 0.081 mmol) was added to the stirred solution of [Rh(COD)Cl] 2 (0.020 g, 0.041 mmol) in 5 mL of acetone. After 30 min, a solution of 1 (0.052 g, 0.081 mmol) in 6 mL of CH 2 Cl 2 was added dropwise and stirred for 4 h. The suspension obtained was filtered to remove AgCl, and the yellowish-orange filtrate was concentrated to 5 mL. Cooling this solution to À30°C, gave 1 as an analytically pure yellow crystalline solid. Yield: 66% (0.054 g), m.p.: 155-157°C (dec). 1 H NMR (400 MHz, CDCl 3 ): d 7.67-6.90 (m, 21H, ArH), 5.39 (br s, 4H, CH), 3.81 (s, 12H, OMe), 2.20 and 1.61 ppm (d, 8H, CH 2 , 51.35; H, 4.51; N, 1.39; S, 3.19. Found: C, 51.41; H, 4.49; N, 1.33; S, 3.14%. 4.4. Synthesis of [Rh{PhN(P(OC 6 
This was synthesized by a procedure similar to that of 4 using AgOTf (0.026 g, 0.101 mmol), [Rh(COD)Cl] 2 (0.025 g, 0.051 mmol) and 1 (0.131 g, 0.203 mmol). Crystals suitable for X-ray diffraction analysis were grown from 2:1 mixture of tetrahydrofuran/pet ether at À30°C. Yield: 91% (0.142 g), m.p. : 190-192°C (dec) . 1 H NMR (400 MHz, CDCl 3 ): d 7. 42 H, ArH), 3.45 ppm (s, 24H, OCH 3 (7) A solution of 1 (0.085 g, 0.132 mmol) in THF (6 mL) was added dropwise to a solution of NiBr 2 (DME) (0.041 g, 0.132 mmol) also in THF (5 mL A mixture of Pd 2 (dba) 3 AE CHCl 3 (0.031 g, 0.030 mmol), Pd(CH 3 CN) 2 Br 2 (0.021 g, 0.060 mmol) and 1 (0.077 g, 0.120 mmol) in CH 2 Cl 2 (20 mL) was stirred under reflux condition for 1 h. The resulting red-orange solution was cooled and filtered. The filtrate was concentrated to 5 mL and methanol (10 mL) was added to precipitate the product. Recrystallization from CH 2 Cl 2 /MeOH mixture followed by vacuum drying afforded analytically pure product of 9. Yield: 45% (0.045 g), m.p.: 160-162°C (dec). 1 H NMR (400 MHz, CDCl 3 ): d 7.79-6.62 (m, 42H, ArH), 3.59 ppm (s, 24H, OCH 3 ). 31 
X-ray crystallography
Crystals of 5 and 7-9 were mounted in a Cryoloopä with a drop of Paratone oil and placed in the cold nitrogen stream of the Kryoflexä attachment of the Bruker APEX CCD diffractometer. A full sphere of data was collected using 606 scans in x (0.3°per scan) at / = 0°, 120°and 240°or 400 scans in x (0.5°per scan) at / = 0°, 90°a nd 180°plus 800 scans in / (0.45°per scan) at x = 0 and 210°using the SMART software package [27] . The raw data were reduced to F 2 values using the SAINT+ software [28] and global refinements of unit cell parameters using 6800-9550 reflections chosen from the full data sets were performed. Multiple measurements of equivalent reflections provided the basis for empirical absorption corrections as well as corrections for any crystal deterioration during the data collection (SADABS [29] ). All the structures were solved by direct methods and refined by full-matrix least-squares procedures using the SHELXTL program package [30] . Hydrogen atoms were placed in calculated positions and included as riding contributions with isotropic displacement parameters tied to those of the attached non-hydrogen atoms. Pertinent crystallographic data and other experimental details are summarized in Table 3 .
